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(54) ZOOM LENS AND OPTICAL INSTRUMENT USING THE ZOOM LENS 
(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a zoom lens 
having high performance over the whole zoom area and 
the whole object distance and using a rear focus of a 
high variable power ratio and an optical instrument using 
the zoom lens. " 
SOLUTION: Relating to the zoom lens having four lens 
groups consisting of a 1st group L1 of positive refractive 
power, a 2nd group L2 of negative refractive power, a 
3rd group L3 of positive refractive power, and a 4th 
group L4 of positive refractive power and capable of 
executing variable power operation from a wide angle 
end to a telephoto end by moving the 2nd group L2 to 
the image surface side and correcting image surface 
variation due to the variable power operation by moving 

the 4th group L4, the 2nd group L2 is constituted of four independent single lenses consisting 
of three negative lenses and a positive lens and time 3rd group L3 has at least one positive 
lens of which both lens surfaces are aspherical surfaces. 
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1>fffi»3S{iMVyXffi*sf^HOiEP>'XSri!'- 

X. 

c^SI2 2^yX. ^^#:i!lt5Sv^iaffl&ffl](t3^cIEcom2 3 
U-^X. -e LT?S®*>'D!Mtf0mc7>m2 4 VXtcJ: 0« 

X, 

0. 24 < I f 2/f A I < 0. 3 3 

mi } 

f A^/f W f t 

cox— Al^vX, 

Cit*3i4] Biiie^2i¥Srm-r§fti->'Xi7)««<^ 
vi^r>x<^2:vn. mmm2mim&-t^iEuyxcr) 

36 < un < 65 
20 < up < 35 

^:6*fr^SrSIJg.-^-|.C: S:mi:i--&fS*JB 1 . 2X 

{S3<ox— y^pyx, 

[it*3i5i mi^2m^mm-hnuyx<Dm'R(r> 

1.70<Nn<1.95 

t£i>^n-^^ms.-th:ib^^WLt-thmimi. 2, 

3 Xii 4 <7)X- A vx. 

[if^JBe ] ?«!i«cffli*>^,iax-m i #a<?)Butei52Sf 

<DU>Xmcr>mm^^R2 i , H5idlg2l¥c7)||^,ggs| 
$:f 2i: 

0. 82 < |R22/f2l < 1. 07 

'3rS^fr^5-g|J£-r«. c: b ^mib-rhm^l ii^h 5 
iOV ^-f JSOX— A yX. 

(^u>xm<r>mm^^ r 2 1 1 L/trt s , 

1 . 66 < I R24/R25 I < 4. 00 

^hmf^^^m&-ti>zb ?:mmb-ti>m^m i *^^> 6 

coir ^-^fl*^ 1 JScoX— A W y X. 



[it*Jl8] !i^i*c»^>Sci.TI|i#ac7)i!i|iem2Sf 
c0^yXBcOfl*^S:R2 i i: t?ti:§. 
1. 00 < I R2 6/R2 7 I < 1. 4 6 
^j:h^W^i'm&i-^ Z b ^^Lb^him^ 1 t^h 7 
cOVi-fixj!)* 1 flie^cOX-AUyX. 

[19^9] l?iem4Sf^»i6$-li:r7=J— ;*x$-fir 

— Al^VX. 

[a^io] nm^bm^izanh-k^ffyms^ 

f w. ft, Buie»3afc7).i^'^i8ESIt: f 3 i: L 
0. 86 < I f 3/f A I < 1. 09 
[fc2] 

fA=iltw • f t 

^-?.^frSr}iijs.-rsc: t ^m^b-t^ms^ i *^^> 9co 

i^-ttL*» 1 JSc7)X-A y X. 
m4m<r>mmt:0 4TbLf.zb^. 

0. 40 < /34T < 0. 5 5 
^rS^#^2:>1SJ£-r«. ^ b i:mmb-thm^m 1 3!>>^> 1 
0 <0V ^-fix** 1 ^IcoX— A y X. 
Cif*Ja 1 2 ] if^Jl 1 *^<i> 1 1 c7)V>-ril*^ 1 3SC0X 

[fgBBcopne^ijiBj] 

[000 1] 

tiim^'^fc^i^mzmL. mz\i'7':fA^^'^y^/u 

J^ii^'y. ^VXmmii:>i'ymtiZim\,zm\.^h1xhX 
-AitA52 2mb^^\tX'h'0^J:1fihm^^yyX1^WL 

xstx-ett^fflv^fc^fe^st^M-rs t>co-c$>s . 

[0002 ] 

i:'<?)3t^Sfc:^^i5^^SX-A^>'X^=fcv^•r, mwm 
omiPJ: O^^^rcOUyXgf^^ift^-y-C:?:}— ;<fXSr 

fi^a, v^i5t9>^yT7^-;{?x:ftr^&$^fflL7tW^'a^ 
b^^ixx\.^h. ^iiti, ')ry:i—i]X-yi^f,^y^ 

-ijxiizn. LT jtKW/j^eMco 1^ v^m^ma^^h 

^b\,zt£h<nx. WmiMf'h^<X^?i-. B-Offla^:,*. 

-ScOT^- h 7 *X£^XxAi:<Offl 

[00031 C:coJ:9^:!;T7*— *X^<7)X— A^'>' 
Xi;LT, PHi-tf. #^^6 3-4 4 6 lA^■'M:m.X' 

7ta^>coftco®Jf^jco|g 3St , -e LTiE<7)@iff:fj<o|l4 

af<7)4oc7)L'>XPJ; 0^i.V^i?t9>^4SfX— AU-VX 
tCiJir^T, m3af$:^i6$-a:-C7^-*x5-ff-:>-C>-^ 
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[00 04] W^^6 3-2 7 80 1 lEcO 

Vx-fit L^>:X-A:6^-Ci±, ^2mi)^i^<r>^mt^W,3 

^ ^ < <5r o T i^Xi^^*>':^S'fb-r h ^Hlc^ I. i: * 

[00 0 5] Ztil,zMtX, #^^6 2-24 2 1 3^ 

'jkm^^Bse 3-2 AT 3 1 e^<kmt:i±. ^wmx 
oMfciiEcoatt^i^jcoiiisf, %<r>mmj(fim2m. iew 

m^fi<r>^3m. sE<7)mif{^(om4Wf<o4-:>(r>uyxm 
i^Lfzx-M.u yxiza V . m2^^nm^-^x^ 

fig^fi^VK ^^fc#djifeB^-|||$r^4®f^Sr^«l$-ti:-Cffi 
i£ti>kMzf^4nTyyt-/}X^n'oX. uyx^^ 
i^coA^m.itiM-otzX—A V VX^^^ LT c , 
[0006] #raBS6 3-2971 8-^^$gJ±. ^WSk 
J:0)Wtc:iE«0®Sf:>3<omi1SJ:. ftUVX, ftWVX. 
iEU'yXc03f^CC7)U>XtCT«^§ix^#:t LXn.<r)m 

ixtix^mifzsjmx'h'yx^t lt^^^toa-^ ir^ 

Il2gfi:. lE<Dmi!r:bi:^Ummi:i!rtsm3mt. 'Jf 

Liz^ ^^^m^mifxiEcom^titr^L^izm 
mm^mimiEL. '^(^tzMzif^mt^m4mx*)m 

B^t/SX— ^L'>'X^^LfV>.&. 
[0007] !|tBBT5-7 2 4 7 2-^^^#ti, !|Sji*tlB!lJ: 

^comim. n(r>m^:h^^-h^^<r>fzib^mthm2 

^^^i^wrthwm^m.^im^htz>f){,z%m±.iii^mt 
hiL(r>mtfx^co^4mi^^h4mm^m^^fzx-M.u 

^-XSrMS^LTV^a. C:<0^#(c^^Sii/::X— Al^^- 
X{i, m2ffifSr^-X;*X*t«0*^>'XfcMU>'XM*« 
[HMomixVXtiE^yXT'ffi^L, ll3P5rlffiJiLh 
0#«®5:ffll^Jt#^>-X-C'««L. |g4||2rlffitU: 

<r>tmm^^^h u yxx-m^ t t v . 

[00 08] L*»L=5r*«^>, ±iS3oc0^fgtc{i, ^2 
4 o<0 U yXX-m^ LtzX-Jx U yXiim^ri $ itX 

[00091 — :fir. ^mwffmm^4 2 9 9 4 5 4# 

-C'fi;, ?^^^(iJ:0)l<ciEcoStff:^ji7)^liE^yXf¥, ^ 

2Mi^yxm. m^<7)sEuyxmjiDm^^ix., m2% 
i-yxn^'^tiii'-^K ti,2 'y<nv>xmi^m^-^x 

^s-ffVK m2n.\^y:mi:^wmij>h^\ . m2co 
MuyxtiE<7)ifyuy hizXr>xmm.Ltzx-j:.uy 
x^m^Lx<i>^hip, m3uyxmimmLx\>^hfzisf) 



izmm^mm^zT^^x < h , ^mMw^^m^mm3 

2 9 2 3-^(C{i, mmi^ OJlC^liEUyXP. W.2 

%vy:m. W). ^\^X'^3-s.vyxm. mAiEuy 

xmiuv. mi, m4h'yxmi^m(r)mmtijmz 

m*)ii^<^mzm^(^X-J:.uyXi)Wim^ti 
TU«., -?-LT^2S{±lo«0Sf-^U>'XSrffl(-^TV^ 

[ 0 0 1 0 ] gic, ±m2n-<:o^mnmzi,i. m3miz 

[0011] - 2 7 0 6 8 4-^i^$gi:^^ra^7 

-3188 0 4-^^fgT'(4. mi^mi. OIPiCiEOgW^) 

2af. iE<^m^:hi:n-hm&ff>m3m, ^izm^^ 
ibiz^m±.^^mr&jE<7imtsi:)ico^4mi^v. m2 

?r 4 *5C<55#P >-X-C«^ LfzX-M, U yXSrH^ LT 

V^^*^:, ||3SflCii^^N^®P>'X$-iEL^cX-AP:x 
X{4ffi^L.TV->^vv 

[0012] - 0 6 0 9 7 4#^fg{4. !il«cli| 

^■h^<ntz>f>cr>m2m, iEc7)St)f:^3Sri^*.|l^<OSS3 
Sf, ^<.zm^^^rthmm&m.^ymthtzii)hy* 

-Ai^y'!^^motii!bt,zw!Si±.^^mthiE<r>msx^<^ 

m4mi^^h\^yx±^<7m\-^^\yyx^^Lx 

\^hi)K lg2l¥^4-ocr)mi/VXt:ii^Lfc'9, ll3Sf 
tcMffi^^^ffiU-yXSrlBL/cX-AUyXti^i^SixT 

[00 13] 

=^V%0f«:2r:SfR«OX-AWyXT'S>oT. VyXJk±W 

ilSrWL. *>OPVX«ffi^l!fea!t^«<i>L/c®^^m^ 
<^X-AU i^X&t^-e^t2:fflv^/^3K^««^fr B W 

[00 14] 

mmi:mm-htz>sb<r>^m :^m.mcox~M,uyx 

(1-1) !}?!)«tffl3J;0li(::. iEcog^:^<^^l1ff, m<0Stff 

:^]coii2Sf, iEcominticr)m3m, ^LxiE<7)m^^cr, 
m4m<7>4-?cr)uyxm^^L. mssm2m^mmm^ 

^m^M:xjKA^ii^^mmm^<7)^m^n^K ^^tcff 

yX-cfc-^-c, mtem2P(i. 3tkcoM.uyXti^(r) 
iEU>'X<?>4o<0|&4L;t#^>'XtcJ;Ofll«$ix. 15 

sdm3mi,m\yyxmifimm(^^i^yxi^j>-^j:< 1 1 

lo^t-C^-^&JltSrWiai: L-CV^S. 
[00 15] 

[ m^mmmrmm ] 0 1 <±*%bhc^ y -v- si— 

SrSS. @2. @3. l^4(i3g^miSl<0£bASS. 4> 



[0016] m5ii:^mMcoo^—y^-^^^<^x- 

me. mi. ms i±m^m 2 (7)iKn^, 4'^, ajSJS 

[0017] E9Ji:*:^BJcO'JA'-7*-;<rX5tiOX- 

010. mi. lai 2<iii)itjg,«3<:o;s^^, tfra. 

[ 0 0 1 8 ] H"** L 1 {iiE«OBiff^J<OB 1 L2{i* 

jE<7)mm:fj(^m4 mx-i, 5 , s p ti^pg^ 0 -cS) 0 . is 

7 X — X7'P— h ^7 -f ^l-^ — 9 X y T'S) 

I. . I p {±tiiffi-c'*> 0. CCD mcT^mmm'^Ftmm s it 
[0019] ^mwmMX'tiiKnmf)^i^m^t^cr>m§ 

$•ti■TffliEt•CV^a. 

[ 0 0 2 0 ] X, gpxti^gp (*lliS0ffi-C 

iir-:^x^t:umvx\^h. nm\>z^^ Am^mu<r> 
mzy i[—:^xLx^>^ht^cr,!s,n^i)^hm3^m^<^m 

V^^« j^^. miSfi:ll3gf{i^^at/^"7*-;{7XC0|^ll 
[0021] *llifiWc*5V^T{iSI4»&^«)$ii:T^ 

•C:7*-;<?x^fi=3 J:atcLTV>|>, Wt-|SIia<7)tt^4 
a , 4 b tc^-r J: 3 tc<SJI^g*»^>ajS«8'vc0^^tc^ L 

[0022] *IIM09fc:*JV^T « 0iJ;Uf aa4S(c:fcV%T 

m<^^w.4 c tc^-r J; 3 fcm4 PS: bt^t^ 0 ai-r .1 i: 
^cj:o^T•o•c»<^•s. 

[0023] ?r . *iMfltc:fev%t:«t,itaw^^<i, 

m2l¥L2^3tS:<7)m^yXi; 1 ^^C«OiE^>-X(7)4 
?il4L;t#U>-XJ;'9«mL. lgtcll3SL3 
l>U>'XB<Od^. i!''"^<i: t 1O<0jEU:^X<?5WU:^ 

[0 0 24] -t^h-h^ ^%^<r)Xot£9^-r<r)X-M. 
V'yXawX^ ^^g{c:^i'<^f -5^2SL2Sr±ie 
(TfX 0 >Xmmz-th J: i: i 0 . VXcnnry 

-oyft^^'^h\^^'rv}^-)v^<rms.^m'>x\^h. 
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T < him.%:^Vt:k}hhy^3m<r>my>X\izm\y>Xm 

mmm<r> uyx^i oia_h^ sms ^zmt h^ztizx 

*)^^m^<7)f^±hm-r>x\^^^ . tfc. ztiizj:>om4 
m<,zimmimti>'-^^mtim<^*)^x hmzt^ o •/ 

h*^aj-c<s. :tmsimm^zi5\,^x^t. msmi^sim 

\^X\.^h. 

[0025] :^mmmT\m±<r>i o izu yxm^i: 
m^-t^zbizxy). ^msmmizhtz^. x. mt^m 

[0026] ^HBHcoX-AW-^-Xti. JjLboi 

timL-^-:>yem^mi0:mzm^'t6mzi.±. vxr<^^ 

frco a ^>iJ.-^< t i, 1 oSriUJ^-r I. CI t j&iM^ LV^. 
[ 0 0 2 7 ] (7) m2PL 2ti. i|*l«cfflSJ: 'OWUz^W^M 
l;lt'^TfllffiWc^v^lHlffi^[6ltt?tftc7)|g2 1 l^lxX. 

mvyxmt^mm<^n^m2 2vyx^ ij^iBitc^vifl 

<r)n<r>f^2 A\^yxi<zX'>xmm-h:iti3^m.t. tv^. 

[0028] *f&Bg<7) J; 0 ^X-A^--^ rX'^^fgJtSri 

^t!i«s-:«c?=<-ri.*\ m2^i. 2<7)Mj^sm^m<^ 

^'^ti^hh, m^'n-fmi.i. X-M.uyX(r):^iti 
O<0ll 2 ff L 2 tc^^<7)ft # < 0 , ^tttg 

fc<IS2l¥L2^«^-r^ittcJ:'9. ^^Wsoi^'fb 
2iZ^LX. iI«!lf*ffl!l*»i^.J«tC»^>X, ftlxVX, jEI^ 

yx, ni-yxt <5t?mcoj^t'EB^l. c i: i O^i 

[0029] (-f) |g3efcf>cOiEWyX<OWP>-Xffic7)# 

^ffi«, Bflfei^3Sf<7)*^«={H0*^^>i;c^Tigi#ac7)m3 

jEfs***^sgfc LTv^.!,. mzii;.nmzinf^m±(o 

mmum^^mzniELxi^&. z<r)t^<7)^mmi>i. 
v yx<T)mm.miz\.^< tc Ltzifi-y xiEcomtfx^im< ^ 

[0030] m^i, 0 . f^3m<r> i ffi^^^sffitcL/sw 

Xmmzii\,^X+^^j:immiEt /J^fli6»'ffl«tc^o-C 

i^Tv^s. -r^i?*.. \^yx^±{i^^^\,z>hm.^-th\iz 

(i, m3p-C+:a-tc^^2r*i<-ri.>It*<*g-r'i>l. 

i>i:t>t|g3Plc{i||2p*>^,%ii0tT'A-5T<S 
7taf)(c, -eeoje^SrSK LTai-rW4||3S<?5Jgtif^j<0 

[003 1] -e-IT^^ajJi. ll3Sf<?)iEl/>'X$r^U 



4) 



Sit ifiT^ . A^it^tm^ Lx\>^h. mz.muyx 

[0032] (W X-Al/yx'tfOj£:ftiQ&t;fM^«(Ct5 
ft-S^i^com^SSBSISr f w , f t . IS 2 SfcoJIfoSffi^^ 
f 2fct3V>;ti:l= 

0. 24 < |f2/fA| < 0. 33 -(1) 
[00 3 3] 

[ic3] 

f A=^f w f t 

[0034] :iixim2m<^Mj^mm mwrtniJ^^? 
~mm:fj) imjEi,z-thtiiib<o^t¥^x'h^. 
( 1 ) <r>±Mm^mtxMMsmtfi^<^j:^b. jRini 

^y^'s-)Ummcr>:fj\^l,Z:k^ < ^ 0 . Mffi*»'ffllfL-C < 

[ 0 0 3 5 ] (I) f^2mimm-^iEu>x<ottm<7yf- 
i^r-y^fn^t^P. m2m^mm-h^\y>x<r>mmcr) 

0. 82 < I R2 2/f 2 I 

1. 66 < I R24/R25 I 
1. 00 < I R26/R27 I 

^j:^^f^^(r)^Jf^ < i: i> 1 -5 im&i-h .1 i: L 

[0040] ^tL^cO^friCJiitC^SIRIIi: 3VlR 
[004 1] ^fr^ (5 ) 0D±BRttS:ffi;il.tn-7lRII 
[0042] ^fl^^ ( 6 ) (i:#lRII5:J35:V''0^y>C® 

^fr^ (6) (r,±mm^nti>tm.miimt^Tyip' 

[004 3] ^fr^ (7) iO±ISflS-@;c-l.i:^BJRII 

1, zTSSkmt:mti,bjjiMmzini^?>mMcommf(mti^:k 

[0044] ^frj^ ( 5 ) ~ ( 7 ) {^OV-iTJl, ^iX-e 
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36<i'n<65 -(2) 
20<»^P<35 -O) 

[ 0 0 3 6 J ^ixJim2P-Cl6^-rSfeiRIISrm»tca 

^iBi,z±^<^Lx^^?>cox\ zzx^-t^mm± 
B^mzmiE-t^!mti^hi>. ni,zmsitij^2 2i§^m^ 

?>J:d^M^lt<DX'-AuyXizi5\,-*Xii. feJRMt 

S:mzmiE'thzt*mmxh^. ^i^^ ( 2 ) c7)_hi5B 
I., m^z^ Tmmt:mx.hbm±'&mifiTyy-iz^ 

'omiE^&t^^. ^fr^ (3) tcfcv^TIi, 

(2) co«-^fc3S««D^{ijtCc^:S*^ iRBffl^^v^ 
J iTim 5: S i: ^ii 0 feJim 2: ftifflcif iE-^ S i i 

[003 7] a) iRII1iiESr1tdfv:tf)l;:(i, m2Sf^« 
^■t^ n V yxconn^o^i^mifi^i Nnbi5\>^fz^. 

1. 70 < Nn < 1. 95 ••• (4) 

[ 0 0 3 8 ] iixJi^fl^i^ ( 1 ) i:tra^LT<-S.*^, 

mrmti:m<rzibff)^f^x\ m^mi:mt htmmm 

mtmnLXK^. 

[00 39] w) m^mi^^^x.xf^immcom2m<73 

UyX<^\3bm¥^iR2 i ttJV^JttS 

< 1 . 0 7 - ( 5 ) 

< 4. 0 0 - (6 ) 

< 1. 4 6 - (7) 

C: i: «i t' # S *f , co^ff * S: S C: i: A^flXUffl 
iE±MtL^^cr)l,iZZX'motX'h^\,^. 
[0045] W «fteiS3l¥<OM^§iS0iSr f 3 i: L7t i: 

0.86< |f3/fA| <1.09 — (8) 

[0046] zixim3m<m}^wm 

-) ^msEI,z-t^f.ztb^^f¥^X'h^. ^fefr^ ( 8 ) CO 

mm^m^-'fzl^yX^RLfzK) L^xifixi,£^j:^-r. 4^ 
-(b!)-'Si6tc:^o-C<S. miz-mmirmi.^ bmsMcT) 

[0047] (?) a3tsco*|5Bs^^|{«©tc*jit^Huie 

m4 Sf<0«*S- i8 4 T i: LJt i: ^ , 

0. 40 < /34T < 0. 55 ••• ( 9 ) 

[0048] ;iixi±m4m<om}^smtm^-ri>^xs> 
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[0049] mzz^^Mcox-j^uyximB^^mt 

(0 0 5 0) HI 3{Ci3V^T. 1 0<it'x:t;&^7* 
1 l*±*IS&BJcOX-APyXlcJ:oT«^$iX3t« 
1 2iiimi/e^Jk l l tcJ: ->T»F^f*:«S:S 

3fe-ri. C C D ^cOgfiS^^ . 1 3 liiifil*-? 1 2 

[0051] i<0<J: ^(^*5|BB<?^x-A^'i^X^b•■r5^■ 
[0052] J.:lTlc*5&B^<03S<i^lMiS:fESr^& . 
[0053] IS«IISfe09t:tJV^T . R i ti^flsfflS J: 
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